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USE OF DISTORTING OPTICS IN IMAGING SYSTEMS 
BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to an optical imaging system for forming an 
image of a field of view in an object plane onto an image plane. 

[0002] In conventional imaging optics, as illustrated by way of example in Figure 1 , a 
lens or mirror 1 is used to focus light rays 2 from an object plane 3, onto an image plane 
4 and steps are generally taken to minimise optical distortions so as to produce a linear 
(i.e. proportional) relationship between areas of the object plane and areas of the image 
plane. 

[0003] It is sometimes desirable to form an image on an image plane at an oblique 
angle to the object plane. One such arrangement is shown in Figure 2 in which the 
image plane is designated by reference numeral 4 and the object plane by reference 
numeral 6. A practical application of this arrangement is a passive infrared intruder 
detector mounted on a wall, in which the object plane is the floor and the image plane is 
the surface of the detector. The detector is typically a two dimensional array of identical 
regularly spaced detector elements. It is clear from an examination of Figure 2 that, 
assuming that the elements are identical and regularly spaced, certain elements of the 
detector array are viewing only a small area of ground whilst other elements are viewing 
very large areas of ground. In certain applications it would be advantageous to provide 
a more uniform correspondence between areas of the object plane and areas of the 
image plane. 

[0004] Methods of correcting distortions in images when the object plane and image 
plane are not parallel are presented in, for example GB 2 298 497 A and US 5,274,406. 
These are designed to generate a faithful reproduction of a rectangular photographic 
film, or other object, onto an inclined screen. In particular these methods correct for 
trapezoidal distortion and generate a rectangular image from a rectangular object. 
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[0005] There are occasions, however, when it is desirable to introduce a deliberate 
distortion into an image in order to enhance the performance of a detector. This may or 
may not be in conjunction with correcting distortions in a similar manner to the 
examples cited above. The problem is illustrated more clearly in Figure 3. Using the 
configuration of Figure 2, if a two dimensional array of 16 x 16 detector elements is 
used at the image plane, then the points 7 on the ground or object plane which are 
imaged onto the centres of the elements form an unevenly spaced array of points as 
illustrated in Figure 3. (In Figure 3 different symbols for points represent different rows 
of elements.) It is common practice to mount an intruder detector in a corner between 
two walls 8 and 9 and the requirement is to map a triangular area bounded by these 
walls as evenly as possible onto the square array. 

[0006] This problem is not solved adequately using the prior art methods cited above 
as these would map a square area on the ground onto the array. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides an optical detection system comprising a two 
dimensional array of regularly spaced detector elements and optical means for forming 
an image of a field of view in an object plane onto an image plane at which the array is 
located, the optical means being arranged to map a designated area of the object plane 
onto the array and including a distorting optical element which imposes a non-linear 
relationship between areas of the object plane and areas of the image plane. 

[0008] The invention may be used to map onto the detector array an area having a 
different shape from that of the array. For example, the designated area may have the 
shape of a triangle or a sector of a circle or a D shape, whilst the array is square or 
rectangular. 

[0009] Alternatively, the invention may be used to form a distorted image of a square 
or rectangular area onto a square or rectangular array whereby certain areas of the 
object plane are viewed by more detector elements than are other equally sized areas. 
This may enhance the operation of computer algorithms processing signals from the 
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detector array for example if they are designed to regard certain areas of the object 
plane as more significant than others. 

[0010] The invention has been developed for use with an infrared detector array. 
For such an application the image need not be visible and therefore the distortion is not 
disadvantageous. It should be noted that the distorting element does not disrupt the 
positional relationship between areas of the object and image planes and therefore it is 
still possible to derive position information from the image without the need for 
additional signal processing. 

[001 1] For the particular application of the intruder detector mounted in the corner of 
a room, the optical distorting element may be shaped so as to broaden the angular field 
of view in the x direction (Figure 3) whilst in the y direction the field of view is 
compressed for large values of y but expanded for small values of y. This would ensure 
more complete and more even coverage of an area between two walls at right angles to 
each other. 

[0012] Preferably the optical distorting element causes a more uniform 
correspondence between areas of the object plane and areas of the image plane than 
would be present without the optical distorting element. The distorting element may be 
a reflective surface or a refractive element. The system may include a lens for 
focussing the image onto the image plane. The object plane may be an area of floor or 
ground and the image plane may be at an acute angle to the object plane. 

[0013] An embodiment of the invention will now be described byway of example and 
with reference to the accompanying drawings in which: 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0014] Figure 1 is a schematic diagram showing the relationship between areas of 
an object and areas of an image produced by a standard lens 1 ; 

[001 5] Figure 2 illustrates the foreshortening of the image, which is caused when the 
image plane is at an angle to the object plane; 
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[0016] Figure 2A is an enlarged view of the image plane and lens of figure 2; 

[0017] Figure 3 illustrates the relationship between the points on the ground plane 
that are imaged onto the centres of the elements in a detector array in the example 
shown in Figure 2; 

[0018] Figure 4 shows an arrangement similar to Figure 2 with the addition of a 
plane mirror; 

[0019] Figure 4A is an enlarged view of the image plane and optical elements of 
figure 4; 

[0020] Figure 5 is a diagram similar to Figure 4 in which an optical distorting element 
is substituted for the plane mirror; 

[0021] Figure 5A is an enlarged view of the image plane and optical elements of 
figure 5; 

[0022] Figure 6 is a diagram corresponding to Figure 3 illustrating the effect of using 
the optical distorting element; 

[0023] Figure 7 is a perspective view of an optical distorting element used to 
produce the results shown in Figure 6; 

[0024] Figure 8 shows various views of an alternative distorting element for use with 
an optical system viewing the approach to a doorway; 

[0025] Figure 9 is a schematic diagram showing a second example of a system 
according to the invention viewing the approach to a doorway; 

[0026] Figure 9A is an enlarged view of the image plane and optical elements of 
Figure 9; 

[0027] Figure 1 0 shows the field of view of the system of figure 9; 

[0028] Figure 1 1 is a diagram similar to Figure 3 for the arrangement shown in 
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Figure 9; and 

[0029] Figure 12 is a diagram similar to Figure 6 for the arrangement of Figure 9 
showing the effect of using the reflector illustrated in Figure 8. 

DETAILED DESCRIPTION OF THEPREFEREP EMBODIMENT 

[0030] In the example illustrated in Figure 5, the plane mirror 10 of Figure 4 has 
been replaced by a specially designed curved mirror 1 1 in convex configuration which 
distorts the field of view giving a more even distribution over the ground plane of points 
relating to the centres of elements of a two-dimensional detector array (not shown). 
Figure 6 is a diagram corresponding to Figure 3, which illustrates that with the use of 
the mirror 1 1 , the whole of the area between the walls can be viewed. The mirror itself 
is shown in perspective view in Figure 7. The table annexed to the end of this 
description defines the shape of the mirror in terms of x, y and z coordinates, the 
individual figures giving the relative heights of points of the mirror from a ground plane. 
It will be noted that, in this example, the mirror is symmetrical about the x=0 axis. 

[0031] It is clear from a comparison of figures 3 and 6 that one effect of the mirror 1 1 
is to spread the lines of points along the y axis for small values of y (short ranges) and 
bring closer together the lines of points for larger values of y (long ranges). In other 
words the images of far away objects are magnified more than those of close objects. 
To this end the mirror has along its x axis a concave portion for magnification and a 
convex portion to diminish the image as can be seen clearly in figure 7. 

[0032] A second effect of the mirror is to expand the field of view in the x direction in 
proportion to the y value of the particular line of elements. Thus for a given value of y, a 
given angular movement of an object will result in its image moving through the same 
number of elements along a line in the x direction. This effect would not be achieved by 
the prior art methods of correcting for distortion described above. 

[0033] In a second example, the mirror illustrated in Figure 8 is used. This mirror 
has a surface profile which is defined by the following formula, which defines the values 
of z for the various values of x and y indicated in the diagram, over the range -48<y<8 
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and -1 1<x<1 1 , where all dimensions are in mm. 

z = 7.5x10" 3 x + 4x10" 2 y + 8.75x^xy 2 - 2.8x10" 6 x 4 - 2.5x1 OV - 
LSxIO^x 3 / + 1.4xKr 11 xV 

[0034] This mirror, 12, is designed to be mounted above a door 13 with a detector 
array 4, as shown in Figure 9, so that the door may be automatically opened on the 
approach of a person. The door is positioned in a straight section of a wall rather than 
at a corner. The mirror enables the array 4 to view the area of floor 14 in front of the 
door. Figure 1 0 is a plan view of the doorway and shows that the field of view 1 6 seen 
by the array must include the areas adjacent to the wall 1 5 in which the door is located. 
This is not possible with a conventional optical system mounted above the door, nor is 
it achieved by an application of the above described prior art methods. A comparison of 
figures 11 and 12 illustrates how the mirror 12 extends the normal field of view of the 
array to fully cover the region of ground approaching the door. 

[0035] In other applications of distorted optics to detector arrays, the same principle 
may be applied to distort the field of view of a detector array so as to obtain a 
deliberately non-uniform distribution of pixels over the field of view. This may be done 
to enhance the performance of algorithms that, for example, are intended to 
discriminate between objects and count and/or track them as they move around in the 
object plane. 

[0036] The optical imaging system of this invention can be used in numerous 
applications including person or vehicle counters as well as detectors for intruder 
alarms and automatic door openers as described above. 
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